Recognition of foreign DNA in intracellular compartments or in the cytoplasm sounds an alarm bell signaling pathogenic invasion. In response, innate immune DNA-sensing pathways launch an antimicrobial type I interferon (IFN) response, which becomes damaging to the host if unregulated or inappropriately activated by self-DNA. This Select highlights recent insights into activation and regulation of innate immune DNA-sensing pathways.
Mobilizing TLR9 with Self-DNA
The endosomal location of Toll-like receptor (TLR)9 is geared toward selective recognition of intracellular, pathogen-derived DNA. In systemic lupus erythematosus (SLE), however, TLR9 is triggered by complexes of self-DNA and autoantibodies (DNA-IC), and the resulting IFNa secretion is linked to disease progression. Henault et al. (2012) now describe how DNA-IC assemble a signaling compartment in phagosomes that is permissive for TLR9 triggering of IRF7-dependent IFNa production. FcgR engagement-needed for DNA-IC uptakeis found to mobilize TLR9 to the DNA-IC-containing phagosome. Earlier work has shown that TLR9 stimulated with soluble ligand migrates from the endosome to a specialized lysosomal-related organelle for IRF7 activation. Binding of AP-3 to TLR9 orchestrates movement through the endosomal compartment. But AP-3 is dispensable for TLR9-mediated IRF7 activation by DNA-IC. Instead, FcgR signals recruitment of LC3, a component of a noncanonical autophagy pathway referred to as LC3-associated phagocytosis (LAP). This promotes maturation of the TLR9+ phagosome, creating an environment for TLR9 trafficking to a region appropriate for IRF7 activation. Does LAP participate in the pathogenesis of autoimmune diseases, such as SLE? If so, this could explain the association between SLE susceptibility and a single-nucleotide polymorphism in the autophagy gene ATG5. Henault et al. (2013) Immunity. 37, [986] [987] [988] [989] [990] [991] [992] [993] [994] [995] [996] [997] cGAS interacts with DNA in the cytosol. Image courtesy of Zhijian Chen.
In phagocytes, the TLR9-UNC93B complex (yellow) migrates to engulfed DNAIgG-coated beads. Image courtesy of Miguel Sanjuanm.
TRIMming Down DDX41
Mechanisms that keep innate immune signaling pathways in check help protect against inflammatory disease. The controls in place to regulate innate immune sensing of cytosolic DNA are unknown. New work now identifies a direct inhibitor of cytosolic DNA sensing. In myeloid dendritic cells, DDX41 interacts with cytosolic dsDNA and, with the assistance of STING, induces IFNb production. Zhang et al. (2012) find that the E3 ubiquitin ligase, TRIM21, interacts with DDX41 and can mediate K48-linked ubiquitination of DDX41 at Lys9 and Lys115 to promote protein degradation. Previous work has shown that the ubiquitin pathway controls activity of proteins involved in sensing cytosolic RNA. Similarly, TRIM21 enhances IFNb production in response to cytosolic DNA in cells and leads to better control of DNA, but not RNA, virus in mice. Importantly, TRIM21 operates upstream of DDX41 because the enhanced response in cells requires DDX41 and IRF3. Additional studies in mice are needed to further clarify under what circumstances DDX41 responds to cytosolic DNA and to determine whether, through regulation of DDX41, TRIM21 protects against inflammatory disease. December 9, 2012 December 9, . http://dx.doi.org/10.1038 December 9, /ni.2492 
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Lysosomes Join the Ranks
Aicardi-Goutiè res syndrome (AGS), a human autoimmune disease, is caused by loss-of-function mutations in the gene encoding TREX1. The TREX1 exonuclease degrades endogenous DNA in the cytosol, preventing accumulation and activation of cytoplasmic DNA sensors. Now, it seems that TREX1 also inhibits the DNA-sensing machinery through regulation of lysosomes. Hasan et al. (2012) report two new findings from TREX1-deficient cells. First, a subset of IFN-stimulated genes (ISGs) are activated independently of IFN in mouse and human cells lacking functional TREX1. The cytosolic RNA-sensing machinery was previously shown to activate IFN-independent ISG. In TREX1-deficient cells, however, activation requires STING, TBK1, IRF3, and IRF7, identifying a new proinflammatory pathway downstream of the core cytosolic DNA-sensing machinery. Expression of these ISGs establishes a basal antiviral state, in which the cells are refractory to infection by RNA virus. The second observation in this study is that TREX1-deficient cells have an increased lysosomal compartment. In the absence of TREX1, mTORC1 activity is decreased, promoting nuclear translocation of the transcription factor, TFEB, and activation of genes that promote lysosomal expansion. Surprisingly, the authors connect the altered lysosome compartment to innate immune signaling. Specifically, in TREX1-deficient cells, manipulation of TFEB protein expression alters activation of the IFN-independent ISG, Ifit1, and susceptibility to RNA virus infection. TFEB acts upstream of IRF3, implicating the STING pathway. Insight into how enhanced lysosome function intersects with STING signaling is lacking and provides an intriguing direction for future research. Hasan et al. (2013) . Nat Immunol. 14, 61-71.
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